The interstitial lung diseases are poorly understood and there are currently no studies evaluating the association of physical exercise with an ACE2 activator (DIZE) as a possible treatment for this group of diseases. We evaluate the effects of pharmacological treatment with an angiotensin-converting enzyme 2 activator drug, associated with exercise, on the pulmonary lesions induced by bleomycin. From the 96 male Balb/c mice used in the experiment, only 49 received 8 U/kg of bleomycin (BLM, intratracheally). The mice were divided into control (C) and bleomycin (BLM) groups, sedentary and trained (C-SED, C-EXE, BLM-SED, BLM-EXE), control and bleomycin and also sedentary and trained treated with diminazene (C-SED/E, C-EXE/E, BLM-SED/E, BLM-EXE/E). The animals were trained five days/week, 1 h/day with 60% of the maximum load obtained in a functional capacity test, for four weeks. Diminazene groups were treated (1 mg/kg, by gavage) daily until the end of the experiment. The lungs were collected 48 h after the training program, set in buffered formalin and investigated by Gomori's trichrome, immunohistochemistry of collagen type I, TGF-b 1 , beta-prolyl-4-hydroxylase, MMP-1 and -2. The BLM-EXE/E group obtained a significant increase in functional capacity, reduced amount of fibrosis and type I collagen, decreased expression of TGF-b 1 and beta-prolyl-4-hydroxylase and an increase of metalloproteinase À1, À2 when compared with the other groups. The present research shows, for the first time, that exercise training associated with the activation of ACE2 potentially reduces pulmonary fibrosis.
Introduction
The interstitial lung disease (ILD) is difficult to understand due to its pathogenic mechanisms that are poorly understood and, at the same time, heterogeneous. 1 The ILD can range from acute inflammation to progressive and irreversible fibrosis. Idiopathic pulmonary fibrosis (IPF) is a type of ILD whose causative agent is unknown and it is characterized by the sudden onset of lung parenchyma, with thickening of the alveolar septa, hyperplasia of type II pneumocytes (PII), and myofibroblasts, causing narrowing of airways. 2, 3 The estimated prevalence of IPF is around 30 cases per 100,000 people, reaching more than 100 individuals per 100,000 people aged 75 years or more. 4 Studies have shown that in both human and experimental pulmonary fibrosis, the PII are capable of producing the transforming growth factor-b (TGF-b), which increases expression and induces the proliferation of fibroblasts, their change into myofibroblasts, production of type I collagen and inhibits their degradation. 5, 6 Therefore, it contributes to a decreased lung compliance, reduce of gas exchange, and other changes in pulmonary functions. Collagen is the main protein of mammals' connective tissue, its synthesis occurs due to the action of the betaprolyl-4-hydroxylase enzyme which catalyzes the hydroxylation of the proline residue, producing hydroxyproline. 7 The complex mechanism of lung remodeling occurs through the digestion of the extracellular matrix by metalloproteinases (MMPs) and phagocytosis. 8 The expression of the MMPs can be up regulated or down regulated due to integrin-derived stimulus, alteration of cell architecture, extracellular matrix proteins, and mechanical stress. 9 The generation and function of MMPs are also regulated by the transcription, activation, and inhibition of pro-enzymes. Probable modulators of MMP expression are TGF-b, fibroblast growth factor, vascular endothelium, tissue inhibitors of metalloproteinases (TIMPs), and physical stress. 10 The MMPs are quickly blocked when released, once the increase of its activity can destroy the body's tissues. In physiological condition, there is a low expression of MMP-1 and it could be undetectable in the lungs. 11 The MMP-1 (collagenase-1) is synthesized by alveolar epithelial cells, fibroblasts, and it degrades type I, II, and III collagens. The degradation resulting fragments are digested by MMP-2 and MMP-9 (gelatinases). 12 Several animal models have been established to study the pathophysiology of IPF. The Bleomycin (BLM) is a chemotherapeutic that is used in the treatment of several neoplasias. The most used and described method to cause pulmonary fibrosis in rodents 13 is the intratracheal administration of this drug. This chemotherapy can cause some lung lesions such as parenchyma inflammation, lesion of the alveolar epithelial cells with reactive hyperplasia, activation and fibroblast to myofibroblast differentiation, 14 pulmonary fibrosis, hypersensitive pneumonitis and pulmonary nodule. 15 Patients with IPF have limited functional capacity due to ventilatory impairment and dyspnea, which is the main symptom of these patients and is worse during physical activities. 16 Currently, the IPF patients have been studied by many authors. [17] [18] [19] These studies show the importance of the pulmonary rehabilitation program to patients with ILD. The pulmonary rehabilitation program, which includes physical exercise, has positive results in endurance capacity 20, 21 and improves the symptoms and life quality of these patients. 22 Exercise physiology has used laboratory animals to simulate conditions of physical stress observed in humans and its purpose is to better monitor the systemic, cellular, and molecular changes resulted from physical activity. 23 Some proteins involved in the regulation of the reninangiotensin system (RAS) may have therapeutic potential for the treatment of IPF. The RAS, in addition to being related to cardiovascular and renal diseases such as hypertension, heart failure, and chronic renal failure, may also be involved in lung diseases. Several searches have shown the involvement of a ACE/AngII/AT1 physiopathological pathway hyperactivity among several diseases such as pulmonary hypertension and the development of fibrosis. [24] [25] [26] [27] [28] [29] [30] [31] Therefore, drugs that increase the activity of the ACE 2 / Ang-(1-7)/Mas pathway may contribute to the treatment of IPF, once this pathway promotes counterbalance of the SRA. 31 Recently, an antitripanosomal drug called diminazene (DIZE) has been shown to have activating effects on the angiotensin-converting enzyme 2 (ACE2) and reducing effects on pulmonary fibrosis induced by bleomycin. 32 Studies in humans have also shown the efficacy of pulmonary rehabilitation on the deleterious effects of pulmonary fibrosis, improving the endurance exercise capacity. 19, 21 In our previous study, a mice experimental model of bleomycin-induced pulmonary fibrosis was used. The swimming protocol used in this study achieved physical performance improvement, which was detected in animals using an endurance exercise capacity test. Additionally, the protocol reduced the pulmonary fibrosis and the quantity of type I collagen. 33 Furthermore, the expression level of TGF-b 1 , beta-prolyl-4-hydroxylase, MMP-1 and MMP-2, and their relationship with the lung lesions and the exercise are not known. There are no studies about the association between the physical training and the use of an ACE2 stimulator drug, thus the aim of this study is to evaluate the effects of ACE2 activator associated with physical exercise on pulmonary lesions experimentally induced by bleomycin.
Material and methods

Animals
Ninety-six, 10-week-old, male Balb/c mice were breed in an accredited animal facility within the Federal University of Minas Gerais (UFMG). The mice were divided into the following groups: sedentary control (C-SED, n ¼ 11), sedentary control treated with an ACE2 stimulator (C-SED/E, n ¼ 12), exercise control (C-EXE, n ¼ 11), exercise control treated with ACE-2 stimulator (C-EXE/E, n ¼ 13), sedentary bleomycin (BLM-SED, n ¼ 11), sedentary bleomycin treated with ACE2 stimulator (BLM-SED/E, n ¼ 13), exercise bleomycin (BLM-EXE, n ¼ 12), and exercise bleomycin treated with ACE-2 stimulator (BLM-EXE/E, n ¼ 13). The mice were housed in group cages, at an ambient temperature of around 23 C, a regular 12:12 h light cycle, receiving water ad libitum, and handled in accordance to the guidelines in the Ethical Committee in Animal Experimentation.
Pulmonary fibrosis induction
After anesthesia (5% ketamine, 200 mg/kg and 2% xylazine, 10 mg/kg dissolved in 2 ml of 0.9% saline, ip), 8 U/kg of bleomycin (bleomycin sulfate, Meizle Biopharma) was intratracheally instilled. The control group received the corresponding volume of saline solution. After nine days of intratracheal instillation, all mice were adapted to the pool water with a temperature of 31 AE 1 C and no overload as described by Prata et al. 33 Treatment with the drug that activates the ACE 2
On the 14 day of the experiment, the animals (C-SED/E, C-EXE/E, BLM-SED/E and BLM-EXE/E) were daily treated with 1 mg/kg of DIZE aceturate, by gavage, until the end of the experiment. 34 
Exercise endurance capacity evaluation
The assessment of functional capacity was done 14 days after the intratracheal instillation and 48 h after the last day of training, at the end of the experiment. The mice were tested individually at the pool with a progressive load attached to their tail, until the moment of exhaustion. The final load of the first test (maximum load) was used to calculate the adaptation load used in the animals' exercise and training. 33 
Exercise adaptation and physical training
As shown in our previous protocol, exercise adaptation was held in a pool with 60% of the maximum load. 33 The animals in the exercise group (C-EXE, C-EXE/E, BLM-EXE, BLM-EXE/E) swam for five days/week during four weeks. After adaptation, the animals were trained for five days/week for another four weeks.
Necropsy and histopathological lung analysis
The animals were anesthetized with ketamine-solution-10% 2% xylazine (60 and 6 mg/kg, respectively, i.p.) and a laparotomy was performed to the section of the abdominal aorta. Then, an incision in the diaphragm and a sternal thoracotomy was performed to remove the lungs. Slices of the left lung were fixed in 10% formalin, processed and included in paraffin. Sections of approximately 4 mm were obtained and stained with Gomori's trichrome for quantitative analysis of fibrosis. Other sections were used to perform immunohistochemical reactions for TGF-b 1 , type I collagen, MMP-1, MMP-2, and beta-prolyl-4-hydroxylase.
Morphometric analysis of the pulmonary fibrosis
Histological sections stained with Gomori's trichrome and the sections submitted to immunohistochemical reactions were viewed with a 40Â objective and 20 random images scanned with a JVC TK-1270/RGB (Tokyo, Japan) micro camera, comprising an area of 1.06 Â 10 6 mm 2 of lung analyzed in each type of immunohistochemical markers. The area of fibrosis and immunohistochemical markers was calculated using a KS300 software of the Carl Zeiss image analyzer (Oberkochen, Germany). In each image, all green (Gomori's trichrome) or brown (positive immunohistochemical staining) hued pixels were selected to create a binary image, to process it digitally, and to calculate the area.
Immunohistochemical reactions for TGF-b 1 , type I collagen, MMP-1, MMP-2, and beta-prolyl-4-hydroxylase
The sections of lung fragments were incubated with monoclonal antibody TGF-b 1 , MMP-1, MMP-2, type I collagen (Santa Cruz Biotechnology, Santa Cruz, USA, Catalog numbers: sc-52893, sc-21731, sc-13595, sc-25974) and beta-prolyl-4-hydroxylase (ACRIS, Herford, Germany, Catalog number: AF0910-1) for 16 to 18 h; incubated with both biotinylated IgG (Bethyl Laboratories Inc., Montgomery, USA) and peroxidase-conjugated streptavidin (Zymed Laboratories Inc., San Francisco, USA) diluted 1:50 for 1 h each. The marking was revealed using a 0.05% diaminobenzidine solution in H 2 O 2 -40vv-0.2%. For the negative control, primary antibody was replaced by PBS. The sections were counterstained with Harris hematoxylin and mounted in Entelan.
Statistical analysis
The results are given as means AE SEM. Comparisons among groups were executed using one-way ANOVA followed by the Tukey test. Pearson's r or Spearman r was used to correlate the different variables. Statistical analyses were done with the GraphPad Prism 5 software (GraphPad Software, Inc., San Diego, CA, USA). Statistical significance was set at P < 0.05.
Results
Evaluation of the endurance exercise capacity
Animals that died during the experiment were not included in the analyses (C-SED n ¼
The evaluation was performed by a progressive load test to compare the functional capacity of animals between groups. The physical training proposed by the study increased the maximum physical conditioning of the C-EXE group (19.2 AE 0.8923 min, P < 0.05, one-way ANOVA followed by the Tukey test) when compared to the C-SED, BLM-SED C-SED/E, BLM-SED/E, BLM-EXE, and BLM-EXE/E. By associating the physical training with ACE2 stimulation in the C-EXE/E group (20.29 AE 0.8843 min, P < 0.05, one-way ANOVA followed by the Tukey test), it was observed an increased functional capacity compared to the other groups ( Figure 1 ).
The BLM-SED group (7.95 AE 0.3545 min, P < 0.05, oneway ANOVA followed by the Tukey test) had a lower functional capacity when compared to the C-SED group (9.61 AE 0.3465 min) demonstrating the effectiveness of the bleomycin dose (8 U/kg) in reducing the BLM-SED physical conditioning. The ACE2 stimulation reduced the bleomycin deleterious effects on the functional capacity of the BLM-SED/E group (11.42 AE 0.3826 min, P < 0.05, one-way ANOVA followed by the Tukey test) if compared to the BLM-SED group. Furthermore, the functional capacity results of the BLM-SED/E group were similar to the results obtained by the C-SED and C-SED/E groups (11.14 AE 0.3265 min).
The BLM-EXE/E group (16.48 AE 0.5874 min, P < 0.05, one-way ANOVA followed by the Tukey test) had a better physical conditioning when compared to the BLM-EXE group (14.13 AE 0.3867 min, P < 0.05, one-way ANOVA followed by the Tukey test). This result shows, for the first time, that the improvement in functional capacity was enhanced by the combination of both DIZE pharmacological treatment and physical training (Figure 1 ).
Histopathology and morphometry of the lung parenchyma
The animals of the C-SED, C-SED/E, C-EXE and C-EXE/E groups showed parenchymal architecture compatible with controls ( Figure 2(a) ).
The BLM-SED group presented pulmonary parenchyma alterations characterized by an extensive and diffuse fibrosis with different intensities in the alveolar septa, perivascular, and peribronchiol interstices (Figure 2(b) ). It was also observed in this group an intense fibrocellular thickening of the septum, causing the narrowing of the alveolar and bronchiolar airways (Figure 2(c) ).
The BLM-SED/E group (Figure 2 The BLM-SED group (16,380 AE 838.4 mm 2 , P < 0.05, oneway ANOVA followed by the Tukey test) presented a significant increase of the measured fibrous connective tissue area, in comparison with the other groups (Figure 2(h) ). The DIZE pharmacological treatment performed on BLM-SED/ E group (4599 AE 106.1 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) was able to significantly reduce the fibrosis area when compared to the BLM-SED group. The physical training in a swimming pool reduced even more the fibrosis of the BLM-EXE group (1662 AE 82.13 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) in comparison with the BLM-SED and BLM-SED/E groups. By associating pharmacological treatment with regular physical exercise, it was also noticed a significant reduction of fibrous connective tissue in mice of the BLM-EXE/E group (263.3 AE 26.35 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) when compared to the animals that underwent the individually proposed treatments in the BLM-SED/E and BLM-EXE groups. There was no significant difference in the pulmonary fibrous connective tissue area between the C-SED (154.8 AE 18.16 mm 2 ), C-SED/E (154.9 AE 11.85 mm 2 ), C-EXE (135.3 AE 12.43 mm 2 ), and C-EXE/E (130.0 AE 8.22 mm 2 ) groups (Figure 2(g) ).
The positive markers in immunohistochemistry were observed as brown precipitated zones in the lung parenchyma. The removal of the primary antibody produced a negative reaction in all markers. Mice of all control groups showed small areas of positive staining for type I collagen, TGF-b 1 , beta-prolyl-4-hydroxylase, MMP-1 and MMP-2. The BLM-SED group had extensive positive staining area for type I collagen, characterized by the presence of precipitates stained in shades of brown in the alveolar interstitial, peribronchial, perivascular, interlobular, and subpleural spaces (Figure 3 (b) and (c)). Mice of the BLM-SED/E group (Figure 3(d) ) showed a reduction of type I collagen when compared to the BLM-SED group. In the BLM-EXE group (Figure 3 (e)), it was observed a decrease of this marking in comparison with the BLM-SED and BLM-SED/E groups. In BLM-EXE/E group (Figure 3(f) ), the exercise associated with DIZE reduced the expression of collagen I and lung changes more than just exercise in BLM-EXE group and more than just pharmacotherapy in BLM-SED/ E group.
The results in Figure 3 (g) and (h) were similar to the fibrous connective tissue area. There was no significant difference of positive staining area for type I collagen among the groups C-SED (128.1 AE 18.30 mm 2 ), C-SED/E (115.7 AE 16.97 mm 2 ), C-EXE (106.4 AE 6.63 mm 2 ) and C-EXE/E (103.7 AE 9.04 mm 2 ) (Figure 3 The BLM-SED group had large areas of positive staining for TGF-b 1 and beta-prolyl-4-hydroxylase ( Figures 4 and 5 , respectively). The BLM-EXE/E group was the one with the smallest positive reaction regions for these two markers. The BLM SED/E group showed larger marking areas in comparison with the BLM-EXE/E group, but smaller marking areas when compared to the BLM-SED group.
The TGF-b 1 expression area showed no significant difference between the C-SED (80.74 AE 8.76 mm 2 ), C-SED/E (77.24 AE 3.79 mm 2 ), C-EXE (71.67 AE 5 32 mm 2 ), and C-EXE/E (69.68 AE 6.86 mm 2 ) groups (Figure 4(h) ). The BLM-SED group (17,350 AE 902.9 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) had a TGF-b 1 expression significantly higher than the other groups.
Animals treated with DIZE in the BLM-SED/E group (3842 AE 133.3 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) showed a TGF-b 1 area smaller than the BLM-SED group. Regular swimming practice of the BLM-EXE group (1462 AE 98.89 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) reduced the TGF-b 1 expression when compared to the BLM-SED and the BLM-SED/E groups. The BLM EXE/E group (767.3 AE 51.40 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) also showed, for the first time in the literature, that the combination of the proposed treatments further reduced the TGF-b 1 positive staining area when compared to the BLM-SED, BLM-SED/E, and BLM-EXE groups (Figure 4(h) ). The quantitative results of the beta-prolyl-4-hydroxylase enzyme expression in the lungs of the animals are shown in the Figure 5 (g) and (h). There was no significant difference between the C-SED (88.88 AE 11.93 mm 2 ), C-SED/E (91.70 AE 5.3 mm 2 ), C-EXE (96.41 AE 8.27 mm 2 ), and C-EXE/E (83.08 AE 5.01 mm 2 ) groups ( Figure 6(g) ). The expression of this enzyme was significantly higher in the BLM-SED (12,830 AE 803.3 mm 2 , P < 0.05, ne-way ANOVA followed by the Tukey test) when compared to the other groups. Furthermore, the administration of DIZE produced a more significantly reduced expression of this enzyme in the BLM-SED/E group (8761 AE 183.4 mm 2 , P < 0.05, oneway ANOVA followed by the Tukey test) than in the BLM-SED group. Animals in the BLM-EXE group (5559 AE 402.0 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) showed a decrease in this enzyme expression in comparison with the BLM-SED/E and exercise associated with DIZE was potentially able to significantly reduce the beta-prolyl-4-hydroxylase expression in the BLM-EXE/E group (3636 AE 122.0 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test).
The MMP-1 and MMP-2 expression had opposite results in comparison to the TGF-b 1 and beta-prolyl-4-hidroxilase markers in all bleomycin groups. The BLM-EXE and BLM-EXE/E groups had large areas of positive staining for MMP-1 and MMP-2 ( Figures 6 and 7, respectively) . In the BLM-SED group, smaller marking regions were observed.
The positive area for MMP-1 of the C-SED (88.09 AE 8.86 mm 2 ), C-SED/E (94.05 AE 3.99 mm 2 ), C-EXE (112 AE 6.37 mm 2 ), and C-EXE/E (109 AE 6.99 mm 2 ) groups showed no difference between groups (Figure 6(g) ). The expression of MMP-1 in the BLM-SED group (2298 AE 326.8 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) was lower than in the other bleomycin groups. There was an increase of MMP-1 in the BLM-SED/E group (7261 AE 490.7 mm 2 ) compared with the BLM-SED group. The BLM-EXE group (8741 AE 423.5 mm 2 ) showed a larger positive area for MMP-1 than the BLM-SED/E. The MMP-1 area of the BLM-EXE/E group (12,060 AE 389.3 mm 2 ) was significantly higher than the other groups used in the study. However, the BLM-SED, BLM-SED/E, BLM-EXE, and BLM-EXE/E groups showed larger MMP-1 positive areas than the control groups ( Figure 6(h) ).
As in the MMP-1 positive staining results, the C-SED (49.21 AE 4.36 mm 2 ), C-SED/E (50.74 AE 3.94 mm 2 ), C-EXE (56.7 AE 4.19 mm 2 ), and C-EXE/E (57.32 AE 7.03 mm 2 ) groups did not differ among themselves for the MMP-2 expression (Figure 7(g) ). The BLM-SED group (4711 AE 332.3 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) had a significantly smaller area of positive staining of this enzyme when compared to all the other bleomycin groups. DIZE was able to increase the MMP-2 area of the BLM-SED/E group (7422 AE 602.9 mm 2 P < 0.05, one-way ANOVA followed by the Tukey test) when compared to the BLM-SED. The exercise promoted an increase of the MMP-2 area in the BLM-EXE group (312.3 AE 10.340 mm 2 , P < 0.05, one-way ANOVA followed by the Tukey test) in comparison with the BLM-SED and BLM-SED/E. Moreover, DIZE administration associated with the proposed physical training caused the increase of MMP-2 in the BLM-EXE/E group (14,700 AE 569.6 mm 2 , P < 0.05, oneway ANOVA followed by the Tukey test) when compared to the other bleomycin groups (Figure 7(h) ).
In the correlations made between the items evaluated in the study, a significant negative correlation was found between the fibrous connective tissue area and the functional capacity of the animals in the bleomycin group (r ¼ À0.8422, P < 0.0001; Pearson's r test, Figure 8(a) ). The fibrous connective tissue also had a strong positive correlation with the TGFb 1 area (r ¼ 0.9339, P < 0.0001; Pearson's r test, Figure 8(b) ) and with the Beta-prolyl-4-hydroxylase expression area (r ¼ 0.8921, P < 0.0001; Spearman r test Figure 7(c) ). In relation to the MMP-1 (r ¼ À0.8796, P < 0.0001; Pearson's r test, Figure 8(d) ) and MMP-2 (r ¼ À0.7871, P < 0.0001; Spearman r test, Figure 8(e) ) areas, a negative correlation was observed.
Discussion
This study showed for the first time that the association between the aerobic exercise and the activation of the ACE 2 potentiated the reduction of bleomycin-induced pulmonary fibrosis. The reduction of lung lesions, such as fibrosis and the narrowing of the bronchiolar and alveolar airways was detected by the reduction of the area occupied by fibrous connective tissue, especially of the type I collagen.
Among the factors involved in such reduction, the reduction of TGF-b 1 expression and of the beta-prolyl-4-hydroxylase, and the increase in MMP-1 and MMP-2 were shown. Thus, the reduction of the extracellular matrix synthesis mechanisms and the increase of its degradation were involved in the reduction of lung fibrosis. In addition, the concomitant use of two kinds of treatment was able to significantly increase the fitness, which reflects an improvement in cardiac function.
According to our previous studies, pool training was able to increase the physical conditioning of both healthy and bleomycin-induced pulmonary fibrosis mice. It was also showed that the exercise was able to reduce both the intensity of pulmonary lesions and the area of type I collagen. 33 As expected, the reduction of the fibrous connective tissue area was also observed along with an improvement of physical conditioning. In other words, physical training is able to alleviate lung injury and to increase the maximum swimming time as well as the animal's ability to withstand greater loads during swimming. Given these results, we decided to investigate whether exercise training associated with some form of drug treatment could improve the effects of physical training. Evidence from a randomized study in individuals with ILD shows that the use of pulmonary recuperation programs results in an improved exercise capacity, reduction of symptoms, and better life quality of patients in this group of diseases. However, the exercise protocol for patients with PID is the same used in pulmonary rehabilitation for patients with chronic obstructive pulmonary disease (COPD). 22 Some studies show evidence that components of the RAS can function as therapeutics for the treatment of fibrosing diseases. 24 The functional balance of RAS depends on the balance of the activity of the two pathways that make up this system (angiotensin-converting enzyme (ACE)/ angiotensin(Ang)II/AT1 receptor and ACE2/Ang-(1-7)/ Mas receptor). Different studies have shown that hyperactivity of the ACE/AngII/AT1 pathway is associated with the pathophysiology of various diseases, due to its inflammatory, fibrogenic, vasoconstrictor, proliferative, and oxidative stress-inducing actions. [24] [25] [26] [27] [28] [29] [30] [31] Other authors also observed the association of this pathway in the development of pulmonary hypertension and fibrosis. 24, 31 In fact, the increase of AT1 receptor levels may contribute to the activation of fibroblasts, collagen synthesis, and its progress to the development of fibrosis. 35 This enzyme catalyzes the hydrolysis of the C-terminal residue of Ang II, producing the protective peptide Ang-(1-7), which is a specific ligand of the Mas receptor. [36] [37] [38] The increase of the Ang-(1-7) expression, as well as the overexpression of ACE2, can reduce the excessive deposition of pulmonary collagen, the systolic pressure of the right ventricle, the right ventricular fibrosis, and pulmonary vascular remodeling caused by the administration of bleomycin. However, the MAS receptor blockade inhibited the beneficial effects caused by the increase of Ang-(1-7) expression. 24, 39 Thus, this study also showed that the ACE2 stimulation by DIZE administration, significantly reduced type I collagen, as well as the expression of TGF-b 1 , beta-prolyl-4-hydroxylase and increased the endurance capacity, the MMP-1 and MMP-2 in mice with bleomicyn-induced fibrosis.
We have also observed that in the group of sedentary animals treated with DIZE, there was a significant decrease of the fibrous connective tissue area. With this observation, coupled with what had already been studied by other authors, we demonstrated that the partial restoration of lung tissue integrity is correlated with the reduction in TGF-b and beta-prolyl-4-hydroxylase expressions, and with the increase of MMPs-1 and 2 markers. Thus, the raised activity of the ACE2/Ang-(1-7)/Mas pathway reduced the immunolabel of one of the major cytokines Figure 8 Correlation between the fibrous connective tissue and the other results obtained in this study. (a) Strong negative correlation between pulmonary fibrosis tissue area (mm 2 ) and functional capacity (minutes); (b) Strong positive correlation between pulmonary fibrosis tissue area (mm 2 ) and TGF-b 1 area (mm 2 ); (c) Strong positive correlation between pulmonary fibrosis tissue area (mm 2 ) and the expression of beta-prolyl-4-hydroxylase (mm 2 ); (d) Strong negative correlation between pulmonary fibrosis tissue area (mm 2 ) and MMP-2 area (mm 2 ). Pearson's r or Spearman r was used to correlate the different variables involved in fibrosis development and also of an important enzyme involved in collagen synthesis. The activity of enzymes involved in the digestion of different elements of the extracellular matrix was also increased, including the collagen fibers. 5, 6 In addition to contributing to the initial understanding of the mechanisms by which DIZE contributes to the reduction of injuries, it was also shown that sedentary animals treated with DIZE have a significant improvement of physical conditioning.
This study also allowed us to further understand the effect of exercise on lung injury induced by bleomycin. Bleomycin animals that swam had a significant reduction in the expression of TGF-b 1 and beta-prolyl-4-hydroxylase. The decreased expression of this important fibrosing cytokine and of the enzyme was associated with the reduction of lesions observed with the DIZE treatment. An interesting finding is that the exercise was more effective in raising the MMP-2 marker than the treatment with DIZE. Also, the association of exercise with pharmacological treatment caused a further increase in the MMP-2 immunolabel. In relation to the MMP-1 immunolabel, no differences were found between the two therapeutic methods used separately. Also, the association between the two led to an increased MMP-1 immunolabel. Further studies are necessary to understand the differences in expression between treatments.
Our results show that exercise training associated with the use of DIZE was able to increase the exercise endurance level and significantly reduce lung lesions experimentally bleomycin-induced, presenting itself as a possible tool in the treatment of pulmonary fibrotic diseases such as the IPF.
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